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1434Effect of Sex Differences on Invasive
Measures of Coronary Microvascular
Dysfunction in Patients With Angina
in the Absence of Obstructive
Coronary Artery DiseaseABSTRACTOBJECTIVES This study investigated sex differences in coronary ﬂow reserve (CFR) and the index of microcirculatory
resistance (IMR) in patients with angina in the absence of obstructive coronary artery disease.
BACKGROUND Coronary microvascular dysfunction is associated with worse long-term outcomes, especially in
women. Coronary ﬂow reserve (CFR) and the index of microcirculatory resistance (IMR) are 2 methods of assessing the
coronary microcirculation.
METHODS We prospectively enrolled 117 women and 40 men with angina in the absence of obstructive coronary artery
disease. We performed CFR, IMR, fractional ﬂow reserve, and quantitative coronary angiography in the left anterior
descending artery. Coronary ﬂow was assessed with a thermodilution method by obtaining mean transit time (Tmn)
(an inverse correlate to absolute ﬂow) at rest and hyperemia.
RESULTS All patients had minimal atherosclerosis by quantitative coronary angiography (% diameter stenosis: 23.2 
12.3%), and epicardial disease was milder in women (fractional ﬂow reserve: 0.88  0.04 vs. 0.87  0.04; p ¼ 0.04).
IMR was similar between the sexes (20.7  9.8 vs. 19.1  8.0; p ¼ 0.45), but CFR was lower in women (3.8  1.6 vs. 4.8
 1.9; p ¼ 0.004). This was primarily due to a shorter resting Tmn in women (p ¼ 0.005), suggesting increased resting
coronary ﬂow, whereas hyperemic Tmn was identical (p ¼ 0.79). In multivariable analysis, female sex was an independent
predictor of lower CFR and shorter resting Tmn.
CONCLUSIONS Despite similar microvascular function in women and men by IMR, CFR is lower in women. This
discrepancy appears to be due to differences in resting coronary ﬂow between the sexes. The effect of sex differences
should be considered in interpretation of physiological indexes using resting coronary ﬂow. (J Am Coll Cardiol Intv
2015;8:1433–41) © 2015 by the American College of Cardiology Foundation.SEE PAGE 1442W omen are more likely than men to haveangina in the absence of coronary arterydisease (CAD) (1–3), and coronary micro-
vascular dysfunction has been proposed as one of
the explanations of this phenomenon (4). Invasively,
coronary ﬂow reserve (CFR) is typically used to inter-
rogate microvascular function, and low CFR has been
associated with major adverse outcomes, including
myocardial infarction and death (5,6). Still, CFR is
affected by epicardial inﬂuences and has a variability
that limits its reproducibility. The index of microcir-
culatory resistance (IMR), on the other hand, is a
direct measure of the microcirculation that has been
shown to be largely independent of variations in he-
modynamic state (7–9). Data remain limited on the
use of CFR and IMR as measures of the coronary
microvasculature, particularly between women andmen, where important sex differences in microvas-
cular dysfunction have been reported (10). Therefore,
we investigated the effect of sex differences on CFR
and IMR in measuring coronary microvascular
dysfunction in women and men with angina in the
absence of obstructive CAD.METHODS
STUDY POPULATION. We prospectively enrolled
adult patients who were electively referred to the
cardiac catheterization laboratory for coronary angi-
ography because of a clinical suspicion of coronary
ischemia based on the presence of angina, with or
without an abnormal stress test. Typical angina was
FIGURE 1 Schematic of Physiological Assessment Using a
Single Coronary PressureWire
Image modiﬁed from Kobayashi and Fearon (9). CFR ¼ coronary
ﬂow reserve; FFR¼ fractional ﬂow reserve; IMR ¼ the index of
microcirculatory resistance; Pa¼mean proximal coronary pressure;
Pd ¼mean distal coronary pressure; and Tmn ¼mean transit time.
AB BR E V I A T I O N S
AND ACRONYM S
CAD = coronary artery disease
CFR = coronary ﬂow reserve
FFR = fractional ﬂow reserve
IMR = index of microcirculatory
resistance
IVUS = intravascular
ultrasound
LAD = left anterior descending
artery
Pa = mean proximal coronary
pressure
Pd = mean distal coronary
pressure
QCA = quantitative coronary
angiography
Tmn = mean transit time
VI = volume index
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1435deﬁned as having 3 characteristics: it had substernal
chest discomfort, was provoked by exertion or
emotional stress, and was relieved by rest or nitro-
glycerin. Atypical angina was deﬁned as having 2 of
the above characteristics. Patients with noncardiac
chest pain were not included (11). Exclusion criteria
included the presence of an acute coronary syndrome,
prior heart transplantation, coronary artery bypass
grafting, renal insufﬁciency (creatinine >1.5 mg/dl),
abnormal ejection fraction (<55%), or presence of
another likely explanation of angina, such as pulmo-
nary hypertension, hypertrophic cardiomyopathy, or
valvular heart disease. To increase the diagnostic ac-
curacy, all coronary vasodilating drugs, including
calcium-channel blockers and long-acting nitrates,
were discontinued at least 48 h prior to the examina-
tion, except for sublingual nitroglycerin, which could
be used if needed. A baseline coronary angiogram was
performed via the femoral artery to rule out obstruc-
tive CAD (deﬁned as >50% diameter stenosis) in the
right and left coronary arteries. In patients without
obstructive CAD, further invasive evaluation was
conducted, including CFR, IMR, fractional ﬂow
reserve (FFR), quantitative coronary angiography
(QCA), and volumetric intravascular ultrasound
(IVUS). Patients were further excluded if the FFR was
found to be #0.80, even in the absence of angio-
graphic obstructive disease. The study was approved
by Stanford’s institutional review board and informed,
written consent was obtained from all patients.
CORONARY PHYSIOLOGY MEASUREMENTS. CFR, IMR,
and FFR were measured in the left anterior descend-
ing artery (LAD) by methods previously described (12).
Prior to wire advancement, 200 mg intracoronary
nitroglycerin was administered. Following cali-
bration, a 0.014-inch pressure-temperature sensor
guidewire (PressureWire Certus, St. Jude Medical, St.
Paul, Minnesota) was equalized to the guide catheter
pressure with the sensor positioned at the ostium of
the left coronary artery. The PressureWire was then
advanced in the LAD as distally as safely possible.
With commercially available software (Radi Analyzer,
St. Jude Medical), the shaft of the PressureWire can
act as a proximal thermistor by detecting changes in
temperature-dependent electrical resistance. The
sensor near the tip of the wire simultaneously mea-
sures pressure and temperature, and can thereby act
as a distal thermistor. The transit time of room-
temperature saline injected down a coronary artery
is then determined with a thermodilution technique.
The inverse value of mean transit time has been
validated to correlate with absolute coronary blood
ﬂow (13,14). Approximately 3 ml of room temperature
saline was injected rapidly by hand into the leftcoronary artery, and the resting mean transit
time (Tmn) was obtained as an average of 3
injections. Thereafter, intravenous infusion
of adenosine (140 mg/kg/min) was adminis-
tered to induce a steady state of maximal
hyperemia, followed by 3 more injections of 3
ml of room-temperature saline to calculate
hyperemic Tmn. Simultaneous measurements
of mean proximal coronary pressure (Pa) (by
guide catheter) and mean distal coronary
pressure (Pd) (by PressureWire) were also ac-
quired in the maximal hyperemic state. FFR
was calculated by the ratio of Pd/Pa at hyper-
emia. CFR was calculated as resting Tmn
divided by hyperemic Tmn. IMR was calcu-
lated as Pd at hyperemia multiplied by hy-
peremic Tmn (Figure 1) (9).
QCA AND IVUS ANALYSIS. All coronary an-
giograms and IVUS images were analyzed by
an independent core laboratory (Cardiovascular Core
Analysis Laboratory, Stanford, California) blinded to
the patient’s clinical and physiologic information.
Quantitative and qualitative analyses of the LAD after
an intracoronary nitroglycerin (200 mg) injection were
done with an automatic edge detection system
(QAngio XA 7.3, MEDIS, Leiden, the Netherlands).
IVUS recording from the distal LAD to the guide
catheter was performed in a standard fashion using
an automated motorized pullback (0.5 mm/s) with
TABLE 1 Comparisons of Patient Clinical Characteristics and Invasive Indexes
Women
(n ¼ 117)
Men
(n ¼ 40) p Value
Patient characteristics
Age, yrs 53.7  11.3 53.5  13.5 0.91
Diabetes mellitus 28 (23.9) 10 (25.0) 0.89
Hypertension 63 (53.8) 14 (35.0) 0.04*
Dyslipidemia 63 (53.8) 28 (70.0) 0.07
Smoking 31 (26.7) 16 (40.0) 0.12
Family history 61 (52.1) 9 (22.5) 0.001†
Body mass index, kg/m2 29.0  7.4 28.1  4.6 0.91
Hormonal status
Pre-menopausal 54 (46.2) —
Peri-menopausal 55 (47.0) —
Post-menopausal 8 (6.8) —
Medications
Long-acting nitrate 16 (13.7) 7 (17.5) 0.56
Short-acting nitrate 34 (29.1) 13 (32.5) 0.68
Calcium-channel blocker 17 (14.5) 7 (17.5) 0.65
b-blocker 51 (43.6) 16 (40.0) 0.69
Angiotensin-converting enzyme
inhibitor/angiotensin
receptor blocker
17 (14.5) 5 (12.5) 0.75
Statin 66 (56.4) 24 (60.0) 0.69
Aspirin 75 (64.1) 30 (75.0) 0.21
Clopidogrel 5 (4.3) 2 (5.0) 0.85
Diuretic agents 19 (16.2) 3 (7.5) 0.17
Clinical demographics
Chest pain characteristics
Typical 73 (62.4) 19 (47.5) 0.10
Atypical 44 (37.6) 21 (52.5)
Stress test results
No test 4 (3.4) 2 (5.0) 0.13
Normal 33 (28.2) 5 (12.5)
Ischemic 80 (68.4) 33 (82.5)
Physiological indexes
CFR 3.8  1.6 4.8  1.9 0.004†
IMR 20.7  9.8 19.1  8.0 0.45
FFR 0.88  0.04 0.87  0.04 0.04*
QCA indexes
Reference diameter, mm 2.59  0.56 2.80  0.61 0.03*
Minimal lumen diameter, mm 2.01  0.49 2.03  0.54 0.75
% diameter stenosis 21.8  12.0 27.2  12.2 0.02*
IVUS indexes (n ¼ 142) n ¼ 106 n ¼ 36
3-dimensional
Vessel VI, mm3/mm 12.3  3.1 13.9  2.8 0.003†
Lumen VI, mm3/mm 9.2  2.7 9.6  2.7 0.42
% plaque volume 25.0  8.5 31.3  10.4 0.002†
2-dimensional
Minimum lumen area, mm2 5.1  2.0 4.7  1.6 0.56
Values are n mean  SD or n (%). *p < 0.05. †p < 0.01.
CFR ¼ coronary ﬂow reserve; FFR ¼ fractional ﬂow reserve; IMR ¼ index of microcirculatory resistance;
QCA ¼ quantitative coronary angiography; VI ¼ volume index.
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1436a commercially available 40 MHz IVUS catheter
(Atlantis SR Pro 2 or OptiCross, Boston Scientiﬁc,
Natick, Massachusetts). IVUS imaging was analyzed
ofﬂine using a commercially available 3-dimensionalreconstruction software (echoPlaque, INDEC Medical
Systems, Santa Clara, California). Lumen and vessel
contours were traced with 1-mm axial intervals for 50
mm length from the ostium of the LAD. For volu-
metric analysis, volumes (lumen and vessel) were
calculated using Simpson’s rule. Thereafter, each
volume was divided by axial analyzed length (volume
index [VI], mm3/mm) to adjust for the subtle differ-
ence of analyzed longitudinal lengths among cases.
Percent plaque volume was deﬁned as 100  (vessel
VI  lumen VI)/vessel VI (%). Minimum lumen area
was also obtained from the interpolated dataset of
lumen area as a 2-dimensional IVUS index (15).
STATISTICAL ANALYSIS. All analyses were per-
formed using SPSS software, version 21 (SPSS Inc.,
Chicago, Illinois). Categorical variables are presented
as counts and percentages. Pearson’s chi-square test
or Fisher’s exact test was used for comparisons of
categorical variables, as appropriate. Continuous
variables are presented as mean and SD. Normality of
the continuous variables was conﬁrmed with the
Shapiro-Wilk test. Depending on the result of Lev-
ene’s test for homoscedasticity, variables with normal
distribution were compared with the Student t test or
Welch t test, as appropriate. If the normality test
failed, variables were compared using the Mann-
Whitney U test. After the Box-Cox transformation,
multiple regression analysis was performed to iden-
tify the independent predictors of CFR and resting
Tmn. Among individual variables listed in Table 1,
except for the physiological indexes, variables with
p < 0.10 in Spearman’s correlation analysis were
considered for inclusion into multivariable models to
determine the independent predictors. Because
vessel VI and lumen VI were highly correlated with
each other due to the small amount of plaque in this
patient population (Spearman’s rank correlation
coefﬁcient ¼ 0.88; p < 0.001), only vessel VI was
included in the multiple regression analysis. An
overall difference among 4 subgroups (based on sex
and median value of vessel size) was determined by 1-
way analysis of variance test. If the overall difference
was signiﬁcant, differences between the individual
subgroups were estimated using the Turkey-HSD
or Games-Howell test, as appropriate. A 2-sided
p value <0.05 was considered signiﬁcant.
RESULTS
A total of 157 patients, including 117 women (74.5%)
and 40 men (25.5%), were enrolled in the present
study. IVUS pullback images of the LAD were
analyzable in 142 of 157 patients (90.4%). The patients
were relatively young (mean age 53.7  11.9 years)
FIGURE 2 Comparison of CFR and IMR Between Women and Men
CFR is signiﬁcantly lower in women than men. On the contrary, IMR, a direct measure of
microcirculation, is similar. Abbreviations as in Figure 1.
FIGURE 3 Comparison of Tmn Between Women and Men
Resting Tmn is signiﬁcantly shorter in women than men. On the contrary, hyperemic Tmn
was similar. These ﬁndings suggest resting coronary ﬂow is higher in women than men,
whereas hyperemic coronary ﬂow is similar. Tmn ¼ mean transit time.
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1437and had minimal to no epicardial disease (% diameter
stenosis by QCA 23.2  12.3 and FFR 0.88  0.04).
Women were signiﬁcantly more likely than men to
have hypertension and a family history of early-onset
CAD. There was no signiﬁcant difference in baseline
medical treatments between the sexes (Table 1).
COMPARISONS OF INVASIVE INDEXES BETWEEN
WOMEN AND MEN. Comparisons of invasive indexes
between women and men are summarized in Table 1.
QCA and IVUS consistently showed that vessel size
was signiﬁcantly smaller in women (p ¼ 0.03 for
reference diameter by QCA and p ¼ 0.003 for vessel VI
by IVUS). However, because of less epicardial disease
in women (p ¼ 0.02 for % diameter stenosis by QCA
and p ¼ 0.002 for % plaque volume by IVUS), lumen
size was similar between the sexes (p ¼ 0.75 for
minimal lumen diameter by QCA, p ¼ 0.42 for lumen
VI by IVUS, and p ¼ 0.56 for minimum lumen area by
IVUS). By physiological assessment, women had a
higher FFR value (0.88  0.04 vs. 0.87  0.04; p ¼
0.04), also suggesting less epicardial disease severity.
With regard to measures of coronary microvascular
dysfunction, IMR was similar between women and
men (20.7  9.8 vs. 19.1  8.0; p ¼ 0.45), whereas CFR
was lower in women (3.8  1.6 vs. 4.8  1.9; p ¼
0.004) (Figure 2). To further elucidate the mechanism
of this discrepancy, resting and hyperemic Tmn were
compared between women and men. Notably, resting
Tmn was signiﬁcantly shorter in women (1.05  0.46 s
vs. 1.31  0.51 s; p ¼ 0.005), whereas hyperemic Tmn
was identical (0.29  0.13 s vs. 0.29  0.12 s; p ¼ 0.79)
(Figure 3). While 10 of 117 women had a CFR #2.0, no
men had a CFR #2.0 (8.5% vs. 0%; p ¼ 0.048). With
respect to IMR, 33 of 117 women and 6 of 40 men had
an IMR $25 (28.2% vs. 15%; p ¼ 0.10). Regardless of
sex, there was a signiﬁcant relationship between
resting and hyperemic Tmn (Spearman’s rank corre-
lation coefﬁcient ¼ 0.58; p < 0.001 in women; and
Spearman’s rank correlation coefﬁcient ¼ 0.53; p ¼
0.001 in men), such that a shorter resting Tmn posi-
tively correlated with a shorter hyperemic Tmn, and a
longer resting Tmn positively correlated with a longer
hyperemic Tmn.
MULTIVARIABLE PREDICTORS. The results of mul-
tiple regression analysis to investigate the indepen-
dent predictors of CFR and resting Tmn are
summarized in Table 2. Female sex was indepen-
dently associated with both a lower CFR and shorter
resting Tmn. Smaller vessel size as assessed by IVUS
(vessel VI) and by QCA (reference diameter) was also
independently associated with a lower CFR and
shorter resting Tmn, respectively. With respect to IMR
and hyperemic Tmn, because age was the onlypredictor identiﬁed on univariate analysis (p ¼ 0.005
for IMR and p ¼ 0.045 for hyperemic Tmn), multiple
regression analysis was not performed.
When patients were divided into 4 subgroups
according to sex and median value of vessel size,
CFR and resting Tmn showed signiﬁcant differences
among the subgroups, whereas IMR and hyperemic
Tmn did not (Figure 4). Among women, differences in
TABLE 2 Multivariable Predictors of CFR and Resting Tmn
CFR Resting Tmn
B
Standard
Error 95% CI b p Value B
Standard
Error 95% CI b p Value
Female 0.240 0.092 0.422 to 0.057 0.211 0.011* 0.244 0.084 0.410 to 0.078 0.229 0.004†
Vessel VI 0.038 0.013 0.012 to 0.063 0.239 0.004†
Reference
diameter
0.193 0.063 0.069 to 0.317 0.243 0.003†
ACEI/ARB 0.279 0.098 0.472 to 0.085 0.220 0.005†
*p < 0.05. †p < 0.01.
ACEI/ARB ¼ angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; CFR ¼ coronary ﬂow reserve; CI ¼ conﬁdence interval; Tmn ¼ mean transit time; VI ¼ volume index.
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1438hormonal status (pre-, peri-, or post-menopausal) had
no signiﬁcant effect on any coronary physiologic
parameters.
DISCUSSION
We studied the effect of sex differences on invasive
measures of coronary microvascular dysfunction
(CFR and IMR) in women and men with angina in the
absence of obstructive CAD, and had several impor-
tant ﬁndings. 1) Although CFR is lower in women than
men, IMR is similar between the sexes. 2) Resting Tmn
is signiﬁcantly shorter in women, whereas hyperemic
Tmn is equivalent between the sexes, accounting for
the lower CFR in women. 3) Patient sex is indepen-
dently associated with CFR and resting Tmn. These
ﬁndings strongly suggest that resting ﬂow status has
a major effect on CFR, and that previous reports on
sex differences in CFR may reﬂect higher resting ﬂow
in women rather than more signiﬁcant microvascular
disease. In our study, IMR, a direct measure of the
microvasculature that is not dependent on resting
ﬂow, was not different between the sexes, suggesting
that there is no sex difference in coronary microvas-
cular dysfunction.
DISCREPANCY OF CFR AND IMR BETWEEN WOMEN
AND MEN. CFR, deﬁned as hyperemic coronary ﬂow
divided by resting coronary ﬂow, was originally pro-
posed to evaluate the functional signiﬁcance of an
intermediate coronary artery stenosis (16). Because
CFR interrogates ﬂow status of both the epicardial
artery and the microcirculation, CFR has become an
accepted measure of microvascular function in pa-
tients without epicardial disease. However, CFR has
been shown to have several limitations. Reports of
CFR are not always derived from the same measuring
technique. CFR can be measured with the thermodi-
lution technique (CFRthermo) or with a Doppler ve-
locity wire (CFRDoppler), although the latter technique
is not felt to correlate as well with absolute ﬂow-derived CFR (CFRﬂow), tending to underestimate the
true CFR (17). In addition, CFR is affected by resting
vascular tone, as well as changes in hemodynamics,
including heart rate, blood pressure, and contrac-
tility. However, IMR eliminates the effect of vari-
ability in resting hemodynamic parameters by being
derived at maximal hyperemia (8).
Women with angina in the absence of obstructive
CAD have been found to have low CFR values, and
this has been attributed to signiﬁcant microvascular
dysfunction. Most of the data have come from the
WISE (Women’s Ischemia Syndrome Evaluation)
study, but the WISE study only evaluated women
(4,5), so little is known about similarly presenting
men or differences between the sexes. One study that
compared the sexes found lower CFR in women
compared with men (10), similar to our ﬁndings.
However, we also found that women had shorter
resting Tmn compared with men, which resulted in a
lower CFR, and that when we evaluated the micro-
vascular function by IMR, there was no difference
between women and men.
DIFFERENCE IN RESTING CORONARY PHYSIOLOGY
BETWEEN WOMEN AND MEN. Even though resting
Tmn has an inherent limitation of susceptibility to
epicardial inﬂuences, the inverse of resting Tmn has
been demonstrated to be associated with absolute
coronary ﬂow (13,14). In this context, the shorter
resting Tmn in women compared with men in the
present study suggests higher coronary ﬂow at rest
in women. This phenomenon of higher myocardial
blood ﬂow at rest in women has been demonstrated by
noninvasive positron emission tomography studies as
well (18). Why women have higher resting coronary
ﬂow is unclear and deserves further investigation. We
did not ﬁnd any evidence that higher resting coronary
ﬂow is associated with age or hormonal status. It may
be that higher resting coronary ﬂow in women is sec-
ondary to a lower resting vascular tone, which has
been shown to differ between women and men (19).
FIGURE 4 Comparison of Physiological Indexes According to Patient Sex
and Vessel Size
ANOVA ¼ analysis of variance; other abbreviations as in Figure 1.
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1439Because a low CFR in women has been associated
with worse outcomes, it is presumably detecting a
pathological vascular disturbance, which may or may
not have to do with the microvascular bed. Although
lower CFR in women is presumably secondary to a
shorter resting Tmn, it may also be considered that the
lower CFR is due to a poorer augmentation of coro-
nary ﬂow from rest to hyperemia. However, since
hyperemic Tmn and IMR was similar between women
and men, poor augmentation of coronary ﬂow from
rest to hyperemia is unlikely an explanation for lower
CFR in women. Moreover, we found that resting Tmn
and hyperemic Tmn were signiﬁcantly positively
correlated in both women and men. However, female
sex was independently associated with both lower
CFR and shorter resting Tmn, further demonstrating
that sex differences are an important factor for coro-
nary physiology at rest.
Finally, although women had smaller vessel size
than men, smaller vessel size itself was an indepen-
dent predictor of both CFR and resting Tmn, so the
relationship of lower CFR and shorter resting Tmn
cannot simply be attributed to women having smaller
vessels. Instead, it would appear that smaller vessels
have higher resting coronary ﬂow, regardless of sex,
although further investigation is needed.
CLINICAL IMPLICATIONS. IMR has emerged as a
direct measure of the coronary microvasculature that
is highly reproducible and largely independent of
hemodynamic perturbations (7–9). It eliminates the
resting ﬂow variable, which our study has shown
differs between the sexes. Higher resting ﬂow in
women, but similar hyperemic ﬂows in women and
men, produces a lower CFR in women. Although this
lower CFR has been attributed to worse microvascular
dysfunction in women, our data put this assertion
into question. We found that although CFR was lower
in women, IMR was similar between the sexes, sug-
gesting no difference in microvascular dysfunction.
This implies that the difference in CFR between the
sexes is not necessarily related to the presence or
absence of microvascular dysfunction, but is a result
of the measurement itself, and that CFR may be a
less optimal measure of microvascular function in
women. Whether or not a higher resting ﬂow in
particular women has its own implications in terms of
symptoms or outcomes may warrant further study.
Both CFR and IMR have prognostic value (20–22),
and CFR has been more extensively studied in women
with angina in the absence of obstructive CAD.
However, CFR data are limited in similarly presenting
men, and this is the ﬁrst study to evaluate IMR
as a measure of microvascular function between
the sexes. Further work is needed to ultimatelydetermine the best measure of microvascular dys-
function in this important and underserved cohort of
women and men who are experiencing angina in the
absence of obstructive CAD.
STUDY LIMITATIONS. First, because we investigated
only the LAD, our results cannot be generalized to the
entire coronary territory. However, our approach
minimized the known variability of invasive indexes
among different coronary territories (23,24). Second,
we did not measure absolute coronary ﬂow, but
instead used Tmn, which is a validated surrogate of
absolute coronary ﬂow. Third, differences in vessel
PERSPECTIVES
WHAT IS KNOWN? Women are more likely than
men to have angina in the absence of CAD, and
coronary microvascular dysfunction, as assessed by
CFR, has been proposed as one of the explanations of
this phenomenon.
WHAT IS NEW? IMR is similar between women and
men, suggesting that there is no sex difference in
microvascular dysfunction. CFR is lower in women,
but this is primarily due to a shorter resting mean
transit time (an inverse correlate of absolute coronary
ﬂow), suggesting increased resting coronary ﬂow.
WHAT IS NEXT? Further studies are warranted to
test whether increased resting coronary ﬂow itself has
a prognostic implication.
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1440length between the women and men could have
resulted in differences in the distal position of the
PressureWire sensor, which may have in turn affected
resting Tmn. However, there are not necessarily
known differences in vessel length between the sexes,
and hyperemic Tmn was similar between the sexes,
suggesting that such an effect is unlikely. Fourth, the
effect of vasodilatory drugs could still be present at
the time of coronary catheterization, even though we
discontinued those drugs at least 48 h before pro-
cedures. This duration has been recommended in
guidelines for spasm provocation testing, (25) and is
longer than previous studies, which employed 24 h
(26). If there was any residual effect from these drugs,
it would not be expected to differ between the sexes.
Fifth, this study was not designed to assess the supe-
riority of CFR versus IMR, which would require testing
these measures against a gold standard; thus, no
conclusions can be drawn regarding the superiority of
one measure over the other in the evaluation of
microvascular function. Sixth, we do not yet have
long-term follow-up data of our patients, so we cannot
determine how IMR compares with CFR in predicting
cardiovascular outcomes in this patient population.
Finally, although the proportion of women was high in
this study, the proportion is consistent with the
known sex-based prevalence of angina in the absence
of obstructive CAD (1,2).
CONCLUSIONS
Although CFR is lower in women compared with
men, IMR, a more direct measure of coronarymicrovascular dysfunction, is similar between the
sexes. This discrepancy appears to be due to in-
creased resting coronary ﬂow (shorter resting Tmn) in
women compared with men. The effect of sex dif-
ferences should be considered in the interpretation of
physiological indexes using resting coronary ﬂow.
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